Anemia represents a common condition among the elderly; however, its prevalence and causes are not well known. This retrospective analysis was performed on 981 patients aged ≥ 60 in Poland over 2013-2014. The prevalence of anemia was 17.2% and increased with age. The predominant causes of anemia were the following: anemia of chronic disease (33.1%), unexplained anemia (28.4%), deficiency anemia (22.5%, including iron deficiency 13%), and chemo-/radiotherapy-induced anemia (8.9%). In the multivariate logistic regression model, factors increasing the risk of anemia were the following: age ≥ 80 years (OR 2.29; 95%CI 1.19-4.42; P = 0.013), the number of comorbidities (two diseases OR 2.85; 95%CI 1.12-7.30; P = 0.029, three diseases OR 6.28; 95%CI 2.22-17.76; P = 0.001, four diseases OR 4.64; 95%CI 1.27-17.01; P = 0.021), and hospitalizations (OR 1.34; 95%CI 1.13-1.58; P = 0.001). After a 2-year follow-up, the cumulative survival among patients without anemia in relation to the group with anemia was 90.76 vs. 78.08% (P < 0.001). In the multivariate model, anemia (HR 3.33,, P = 0.005), heart failure (HR 2.94, 95%CI 1.33-6.50, P = 0.008), and cancer (HR 3.31, 95%CI 1.47-7.49, P < 0.004) were all significantly correlated with mortality. In patients ≥ 60 years, the incidence of anemia increases with age, number of comorbidities, and frequency of hospitalizations and has an adverse impact on survival.
Introduction
The population of people older than 60 years is increasing by 3.26% annually, and it has been estimated that by 2050, it will constitute 25% of the entire population [1] . High frequency of comorbidities, polypharmacotherapy, and hospitalization is commonly seen in this group of people [2] [3] [4] . Anemia is a common condition among the elderly and is increasing with age. The etiology of anemia in the elderly is often complex, and only a few studies have been performed to evaluate the impact of multiple factors, including comorbidities and hospitalizations, on the development of anemia [5] [6] [7] .
The aim of the study was to evaluate the prevalence, severity, and etiology of anemia with a risk factor analysis for its development in the population aged ≥ 60 years, with respect to comorbidities and hospitalizations.
Materials and methods
Retrospective analysis was performed on all consecutive white patients aged 60 years or over, who were under the care of a specific primary medical care clinic in Poland during 2013-2014. Primary medical clinic provided only ambulatory, outpatient care. In the case of hospitalization, the patient stayed under the care of a hospital specialist and after discharge returned to the primary medical care clinic. All patients' data, including the level of hemoglobin and types of anemia, common comorbidities, and hospitalizations were derived from the medical records of the clinic and patient's files. Data on all-cause mortality between the first of January 2013 and the 31st of December 2014 were based on the reports of the National Health Fund.
Both, patients aged ≥ 60 years with anemia detected in the years 2013-2014 and patients with anemia diagnosed earlier (since 2001) but aged 60 or over at the time of diagnosis, were included in the study. The incidence of anemia, comorbidities, and hospitalizations since the age of 60 were analyzed both in the entire population and also separately in the patients with and without anemia.
Definitions of anemia and types of anemia
Anemia was defined as hemoglobin levels lower than 12 g/dl in women and 13 g/dl in men according to WHO criteria [8] . If a single morphological result with a reduced hemoglobin concentration was found in the medical records, which was not confirmed in subsequent studies and without clinical data indicating anemia, no anemia was diagnosed. Finding the presence of anemia at the age of 60 and over resulted in the patient being classified with anemia. In anemic patients, the result of morphology at the time of diagnosis of anemia was analyzed, and in patients without anemia, the last morphology result performed in the years 2012-2014. The severity of anemia was established according to the most commonly used classification subtypes: mild anemia: 10-12 g/dl in woman and 10-13 g/dl in men, moderate anemia 8-9.9 g/dl, severe anemia 6.5-7.9 g/dl, and very severe anemia under 6.5 g/dl [9] . The severity of anemia was established based on the hemoglobin concentration at the time of diagnosis.
The following types of anemia were determined: deficiency anemia's (iron deficiency, vitamin B12 deficiency, folate acid deficiency, and complex deficiency anemia), hemorrhagic anemia, anemia of chronic disease, renal insufficiency anemia, chemo-and/or radiotherapy-induced anemia, and other types in the course of chronic liver disease, alcoholic disease, thyroid gland disease, and unexplained anemia. The definitions of each types of anemia are listed in Table 1 . If a patient underwent chemo-or radiotherapy and had anemia lasting at least a month and there was a cause-and-effect relationship between the onset of anemia and cancer therapy, we classified the patient as chemo-and/or radiotherapy-induced anemia. The cause-and-effect relationship was defined as follows: before cancer therapy, there was no anemia nor any other risk factors (e.g., bleeding, inflammation markers indicative of another cause of anemia), anemia occurred during oncological treatment and lasted at least 1 month after treatment. GFR < 30 ml/min/1.73 m 2 was considered a criterion for diagnosing anemia in the course of kidney disease [10] [11] [12] [13] [14] .
Anemia was defined as unexplained if, based on available patients' records and laboratory tests, no other types of anemia were identified.
The factors that increase the likelihood of anemia were examined using the logistic regression model. The probability Demographic variables, comorbidities, hospitalizations, and procedures
Based on medical records, data on age (divided into groups 60-69, 70-79, ≥ 80), gender, hemoglobin concentration, and type of anemia was collected. Data on the incidence of common comorbidities including hypertension, coronary heart disease/cardiovascular disease, heart failure, atrial fibrillation, venous thromboembolism, diabetes including diseases with chronic complications (macroangiopathy, microangiopathy, neuropathy, and retinopathy), chronic lung disease including asthma and chronic obstructive pulmonary disease, chronic kidney disease, cancer, hematological malignancies, chronic liver diseases, rheumatic disease, and thyroid diseases were obtained. All comorbidities were diagnosed according to the most current guidelines of the relevant international societies [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , and results from specialist consultations and hospital discharge cards. Heart failure was diagnosed on the basis of subjective and objective symptoms as well as features of systolic or diastolic heart dysfunction in echocardiography [15] . Cancer was defined as malignant neoplasm, confirmed by histopathology, imaging and laboratory tests [25] , and required treatment (active cancer). Melanoma and other skin cancers were also evaluated in the study. The appropriate treatment recorded in the documentation confirmed the diagnosis of specific diseases. The data on the use of prophylactic aspirin (75-150 mg), clopidogrel, vitamin K antagonists (VKA), and DOACs (Direct Oral Anticoagulants) were also collected. The incidence of hospitalizations, excluding hospitalization for surgery, rehabilitation, and cancer treatment was also analyzed. In the course of hospitalization, the incidence of coronary angiography and percutaneous transluminal coronary angioplasty (PTCA) was assessed in patients with and without anemia.
The Bioethical Committee of Poznan University of Medical Sciences approved the study.
Statistical analysis
The results are presented using methods of descriptive statistics such as the frequency (n), mean/medians, standard error (SE), and range. The Shapiro-Wilk test was performed to assess normality. To compare differences between the groups, the chi-squared test or the Fisher-Freeman-Halton exact test was used for categorical variables and the Mann-Whitney U test for continuous variables. The differences in the proportions between the groups (anemia/no anemia) were compared using the test for proportions.
Univariate logistic regression was used to evaluate potential risk factors for a higher prevalence of anemia. A multivariate analysis was performed with selected variables that were significant in the univariate analysis. In each model, the OR for each independent variable was determined with a confidence interval (CI) of 95%.
The probabilities of survival were estimated via the Kaplan-Meier method, and univariate comparisons were performed using the log-rank test. The Cox proportional hazards model was fitted to estimate the effect of the analyzed factors on the mortality. In this model, the hazard ratio (HR) for each independent variable was determined with a CI of 95%. A P value below 0.05 was regarded as statistically significant.
The statistical analyses were performed with STATISTICA 10 and STATISTICA Medical Package 2.0 (Stat Soft, Inc. 2012 software, Tulsa, USA).
Results
Of 3500 patients under the care of one primary medical care clinic, 1152 were 60 years old or older, of this group 981 patients were included into the study (Fig. 1) . Detailed data concerning the demographic characteristics of the studied population is shown in Table 2 .
In the analyzed population, the mean hemoglobin concentration in women was lower than in men (13.15 vs. 13.95 g/dl; P < 0.001). Anemia was found in 169 patients (17.2%), including 90 women (9.2%) and 79 men (8.0%). The prevalence of anemia was higher in men than women (20.4 vs. 15.2%; P = 0.038). Anemia incidence increased statistically significantly with age groups (60-69 vs. 70-79 P < 0.001, 60-69 vs. 80 or more P < 0.001, 70-79 vs. 80 or more P < 0.001) ( Table 3) .
The anemia was mild in 118 patients (69.8%), moderate in 40 patients (23.7%), severe in 6 patients (3.6%), and very severe in 5 patients (3.0%). The group of men aged 80 or over was more likely to have severe anemia than younger ones (P = 0.030).
Types of anemia
The predominant causes of anemia were the following: anemia of chronic disease (33.1%), unexplained anemia (28.4%), and deficiency anemia (22.5%, including iron deficiency constituting 13% of all cases), and 8.9% of anemia resulted from cancer treatment (chemo-/radiotherapy-induced anemia). The incidence of other types of anemia in the studied population is presented in Fig 2. No case of aplastic anemia or hemolytic anemia was diagnosed during observation.
The analysis of the prevalence of anemia in different age groups showed a more significant increase in the incidence of anemia of chronic disease (ACD) in the 60-to 69-year group than in the 70-to 79-year group (21.4 vs. 41.8%, P = 0.021). Similarly, the incidence of chemo-/radiotherapy-induced anemia in the 60-to 69-year group was higher compared to the 70-to 79-year group (19.6 vs. 5.5%, P = 0.024) and the ≥ 80 group (19.6 vs. 1.7% P = 0.002).
Association of anemia with age, comorbidities, and hospitalization
In comparison to the patients without anemia, those with anemia were older (median age 75 vs. 67, P < 0.001), had a higher prevalence of comorbidities (median 3 vs. 2, P < 0.001), and statistically significantly more often had cardiac complications, venous thromboembolism, diabetes including diseases with chronic complications, chronic obstructive pulmonary disease, thyroid diseases, chronic kidney disease, cancer, chronic liver diseases, or rheumatic disease. The detailed clinical characteristics of the patients with or without anemia are provided in Table 4 .
The analysis of the prevalence of comorbidities in the age groups 60-69, 70-79, and ≥ 80 showed that heart failure was significantly more common in patients with anemia (P = 0.002, P = 0.018, and P = 0.013, respectively), chronic kidney disease (P = 0.013, P < 0.001, P = 0.013, respectively), and chronic liver disease (P < 0.001, P = 0.013, P = 0.007, respectively). Patients with anemia were more often hospitalized (median 2 vs. 0, P < 0.001) and more often had coronary angiography and/or PTCA than those without anemia (P < 0.001).
Risk factors for the anemia development
From the risk factors analyzed for the development of anemia (age, gender, kidney function based on eGFR, comorbidities, and hospitalizations), most of them were statistically significant based on the univariate logistic regression model (Table 5 ). In the multivariate logistic regression model, age ≥ 80 years (OR 2.29; 95%CI 1.19-4.42; P = 0.013), the number of comorbidities (two diseases OR 2.85; 95%CI 1.11-7.29; P = 0.029, three diseases (OR 6.28; 95%CI 2.22-17.76; P = 0.001), four diseases OR 4.64; 95%CI 1.26-17.00; P = 0.021), and number of hospitalizations (OR 1.34; 95%CI 1.13-1.58; P = 0.001) were all significantly associated with a higher prevalence of anemia (Table 6 ).
All-cause mortality
Of the 981 patients, 40 patients died (4.1%) during the 2-year follow-up, including 21 (12.4%) patients with anemia and 19 (2.34%) in the group without anemia.
After a 1-year follow-up, the cumulative survival among patients with anemia in relation to the group without anemia was 87.63 vs. 97.54% and at the end of the study 78.08% (SE ± 0.055) and 90.76% (SE ± 0.049) respectively, and the difference was statistically significant (P < 0.001), Fig 3. To determine factors influencing survival, the variables including age, gender, selected comorbidities, hospitalizations, and also the presence and types of anemia were analyzed. In the univariate analysis, factors that significantly increased the risk of death were the following: age ≥ 80 years (HR 7.6, 95%CI 3.47-16.65, P < 0.001), anemia (HR 4.32; 95%CI 2.18-8.56, P < 0.001, heart failure (HR 5.01, 95%CI 2.56-9.80, P < 0.001), and cancer (HR 4.82, 95%CI 2.44-9.54, P < 0.001) ( Table 7) . 70-79 years, n (%) 274 (27.9) ≥ 80 years, n (%) Gender: female/male n (%) 163 (16.6) 594(60.6)/387 (39.4) In the multivariate model for the whole studied population, three factors including anemia (HR 3.33; 95%CI 1.43-7.74; P = 0.005), cancer (HR 3.31; 95%CI 1.47-7.49; P = 0.004), and heart failure (HR 2.94; 95%CI 1.33-6.50; P = 0.008) all significantly correlated with the risk of mortality (Table 8) .
Discussion
In the studied population aged 60 years or over, anemia as defined according to WHO criteria was found in 17.2% of patients, including 9.2% of women and 8.0% of men. Our results are in line with the observations of other authors concerning the prevalence of anemia in the elderly: 9.6% in the USA [26] , 14.2% in Italian population [27] , 17.4% in Poland [28] , 13.6% in the Korean population [29] , and 21% among Austrian people [30] . Based on the meta-analysis of patients aged 60 or over, it was estimated that the prevalence of anemia in men ranges from 2.9 to 61%, while in women from 3.3 to 41% [31] .
Consistent with literature on the elderly population [10, 32, 33] , our data show that three types of anemia were predominant: ACD (33.1%), unexplained anemia (28.4%), and deficiency anemia (22.5%) with iron deficiency reaching 13% of all anemia cases. The high prevalence of unexplained anemia needs attention-it has been reported by many authors, as affecting 16-40% of elderly patients with anemia [10, 12, 30, 32, 34] . It is believed that some unexplained anemia cases are actually undiagnosed myelodysplastic syndrome (MDS), especially because the probability of MDS increases with age and initially, apart from anemia, there may be no other hematological abnormalities. Based on previous reports, MDS occurs in 5 to 15% of patients with anemia [10, 30, 32, 35] , but other hematological malignancies may also be the case [12] . The high rate of unexplained anemia indicates the necessity for detailed hematologic diagnostics and also further research on anemia in the elderly. The development and greater availability of molecular tests may hopefully improve the diagnosis of unexplained anemia and other cytopenia. The presence of two or more somatic mutations in the genes (mutations that repeat in hematological malignancies) is associated with a higher probability of developing clonal disease [36] . Unfortunately, for the time being, these methods do not provide an answer, in a large percentage of patients, as to the cause of the anemia.
Our data revealed a significant proportion (8.9%) of anemia associated with cancer treatment (chemo-/radiotherapyinduced anemia). This is also an important issue, because anemia is an independent risk factor for cancer mortality [37] , and its successful treatment improves the quality of life and outcomes of cancer patients [38] . It has been shown in our study that anemia associated with cancer therapy is more likely to occur at 60-69 years of age compared to 70-79 years and Fig. 2 Types of anemia in the studied population aged ≥ 60 years. *Other types of anemia included the following: anemia in the course of chronic liver disease (n = 2) and alcohol induced anemia (n = 1) 80 years or more, which seems surprising, since the incidence of cancer increases with age, as well as the likelihood of anemia in the course of cancer and its treatment [39, 40] . The prevalence of anemia of chronic disease in our analysis was more common in the 70-to 79-year group than in the age group of 60 to 69, which is supported by observations of the increased incidence with age disorders associated with increased proinflammatory activity [41] . The prevalence of other types of anemia in subsequent age groups (60-69 years, 70-79 years, and 80 years and over) was similar.
Patients with anemia were older, had a higher prevalence of comorbidities, more often used antiplatelet agents and oral anticoagulants, and were more often hospitalized. On the other hand, in the multivariate model, the increased number of comorbidities (2 to 4) significantly increased the risk of anemia development in the studied population. Comorbidities were more frequently found in patients with anemia, which has been also observed in other studies [5, 10, 42, 43] . Although a lot of research indicates the association between anemia and heart failure and chronic kidney disease, the link between anemia and chronic liver disease has not been highlighted. In the present study, a higher incidence of anemia in patients with chronic liver disease was demonstrated. The pathogenesis of anemia in the course of chronic liver disease is complex and is associated with acute and chronic gastrointestinal blood loss due to esophageal varices and portal gastropathy, folate deficiency, hipersplenism, direct toxicity due to alcohol, anemia of chronic disease, hemolysis, and hemostatic abnormalities in liver failure. In cirrhosis, especially that caused by alcohol abuse, folate deficiency, and vitamin B12 deficiency may be found [44] . Anemia in the course of chronic liver disease is an example of a phenomenon often seen in elderly patients, a common etiology of anemia but with a complex pathogenesis comprising various types of anemia. Similarly, COPD, chronic obstructive pulmonary disease; VKA, vitamin K antagonists; DOACs direct oral anticoagulants; PTCA percutaneous transluminal coronary angioplasty P < 0.05-statistically significant complex pathogenesis of anemia occurs in chronic kidney disease, alcoholism, endocrine disorders, and chemo-/radiotherapy-associated anemia. In our study, patients aged 60 or more with anemia were more frequently hospitalized than those without anemia. Thus, the patients with anemia were older, which could have had an impact on the number of comorbidities and need for hospitalization. However, regardless of age, all patients with anemia more often had significantly chronic liver disease, heart failure, and chronic kidney disease.
Our observation is in line with other studies, which also reported that patients with anemia were older than those without anemia [5, 43] , and this is consistent with an increased incidence of anemia with age. The association of anemia with hospitalizations has also been demonstrated in other studies [5, 43, 45] . Based on a 4-year observation of the Established Populations for Epidemiologic Studies of the Elderly (EPESE), it has been shown that anemia is related to a significant increase in hospitalizations and prolonged hospital stays [5] . The occurrence of hospital-acquired anemia (HAA) may also be associated with invasive medical procedures, excessive testing, and modern therapy, especially using thrombolytic, antithrombotic, and antiplatelet agents. Depending on the study population and reasons for hospitalization (e.g., acute coronary syndrome, kidney disease), it is estimated that the prevalence of HAA varies from 25 to 74% [46] . In the course of hospitalization, patients with anemia were more likely to undergo medical procedures such as coronary angiography and PTCA. The relationship between anemia and these OR, odds ratio; CI, confidence interval P < 0.05-statistically significant Fig. 3 Cumulative survival probability of the studied patients aged ≥procedures is complex. The procedures themselves promote the occurrence of anemia, as was observed in one out of every three patients with acute coronary syndrome, 1 month after discharge from hospital [47] . Possibly, one of the reasons that the patients required hospitalization and the implementation of these procedures was the presence of anemia and its impact on the cardiovascular system. It appears that the problem of hospital-acquired anemia in elderly patients has thus far been insufficiently observed. In our study, the relation between comorbidities, number of hospitalizations, and anemia has been confirmed in the logistic regression analyses. In the univariate analysis, patients with a coexistence of two to five comorbidities have a nearly 2 to 14-fold increased risk of anemia development. In the multivariate logistic regression model, factors increasing the risk of anemia were age ≥ 80 years, the number of comorbidities (from two to four diseases) and hospitalizations. Due to the small number of patients with five concomitant diseases and anemia, we failed to show any relationship between the coexistence of five diseases and anemia development. To our knowledge, only a few studies have investigated comorbidities and hospitalizations as factors for anemia development, and no study has highlighted the increased risk of anemia with the number of comorbidities and the number of hospitalizations. In a multivariate logistic regression analysis, only Penninx et al. reported the following factors significantly associated with the higher prevalence of anemia: older age, black race, cancer, kidney disease, hospitalization during the previous year, and BMI [5] . There seems to be reciprocal feedback: the presence of comorbidities or the treatment used promotes the onset of anemia [48] [49] [50] [51] [52] [53] . Anemia exacerbates the course of a number of diseases [51, [54] [55] [56] and HR, hazard ratio; CI confidence interval P < 0.05-statistically significant may be one of the factors that contribute to the need to perform certain medical procedures (e.g., coronary angiography) or hospitalization (especially due to heart failure) [42, 54, 57] , and both procedures and hospitalizations may be conducive to the development of anemia [47, 58] . In the present study, anemia at age ≥ 60 years had a negative impact on survival, and was, in addition to heart failure and cancer, one of the most important risk factors for death. This is in agreement with data from previous studies that have also shown the negative effect of anemia on survival [5, 43, 45, 59] . Similarly, Zakai et al. have shown that anemia is an important risk factor for mortality, not only in relation to cardiovascular disease, heart failure, and cancer, but also diabetes [59] .
The present study was conducted on a large, well-defined group of patients in advanced age and included analysis of many factors affecting their health condition. The conclusion can be drawn that anemia is common among the studied population and its prevalence increases with age. The presence of anemia increases the risk of death, and additionally, there is an association between anemia and comorbities and hospitalizations. Based on our results, it is possible to identify the group of elderly patients at high risk of the development of anemia, which is made up of people aged 80 and over, with two or more comorbidities, and those who require hospitalization. Identification of the risk group may provide the basis for recommendations for more frequent blood morphology testing in the population at risk of anemia development.
For two decades, there has been no change in the situation of elderly patients with unexplained anemia and therefore no effective treatment is possible. The diagnosis of unexplained anemia in nearly one third of patients indicates, on the one hand, the need for a more in-depth diagnosis, and on the other hand, further research to understand the causes of anemia in this age group.
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